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Abstract
This paper proposes the fuzzy implementation for the lens focus, aperture and zoom control of a
video camera. The spectrums of grabbed images are used to design the focus membership functions for
the focus control. The gray level mean and standard deviations are used to design the aperture
membership functions for the exposure control. The object sizes, moving velocities and contour
confidences are used to design the zoom membership functions for zoom control. The linguistic rules
are described in the form of IF…THEN… as the fuzzy implication to associate the membership
functions and the consequences of the optical settings. The Max-Min composition rule is utilized to
determine the output inferences. The weighted-average defuzzification is adopted to determine the
lens motor control signal. The experimental results demonstrate that the proposed fuzzy controllers
successfully achieve the auto focus, auto exposure, and zoom control of a video camera.
Key Words: Auto Focus, Auto Aperture, Zoom Tracking, Fast Fourier Transformation, Fuzzy
Controller
1. Introduction
The algorithm based on digital images is widely used
now. There are many existing methods to automatically
control focus, aperture, and zoom of a video camera
[14]. The camera viewpoint associated optical settings
to acquire a clear and sharp image in which the objects
with moderate size is important in order to get the con-
vinces of image processing for feature extraction and
pattern classification. The proposed lens controllers are
implemented by the fast Fourier transform (FFT), the
edge contrast, and the gray level means and deviations.
The focus control is emphasized on the image sharp
judgment. There are many methods to judge the lens
focus whether it is correct. In 1995 Nayar, Watanabe
and Noguchi employed FFT to analyze the frequency
components. The image with high frequency compo-
nents means a sharp image. On the contrary the image is
blurred [5]. In 1996 Zheng, Sakai, and Abe used a
method to determine the edges of the object image, com-
pute the contrast, and the variances at the two sides of
edges. If the contrast between two sides is high, the
image is sharp; on the contrary it is a blurred image [6].
For auto exposure control, the aperture setting is de-
pendent on the environmental background and lighting
condition. Computing the means and deviations of
image gray level and determining the brightness of the
image are the basic criterions for exposure control. If the
gray level mean is high, the image is overexposed and
the aperture needs to be reduced.
While zoom is changing, to keep in-focus state of a
camera image is very essential. When the zoom lens is
shifted from tele-angle to wide-angle, it makes in-focus
range deep, and the camera view angle becomes wide.
Thus, the zoom lens shifted to wide-angle is easier to ac-
quire a clear image but the object image becomes small
and the relative resolution is low. On the contrary, when
the zoom lens is shifted from the wide-angle to the
tele-angle, it makes the in-focus range short; the view an-
gle of the camera becomes narrow. Thus, the zoom lens
is sifted to tele-angle, the object image in a frame be-
comes large and gets high resolution but keeping in-
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focus state is more difficult. When the zoom lens is
shifted for executing a zooming operation, the object in
interest will move. This is a key point for auto zoom track-
ing control. Forecasting the motion trajectories of the
object feature points can control the zoom lens in proper
range. The zoom tracking is a continuous adjustment of a
camera focal length. To keep in-focus state of the camera
image is the major task while the zoom lens is shifted.
A few examples employed the zoom lens to enlarge
or shrink the object for the application of image visual
servo tracking. In 1995, Hoad and Illingworth used the
look-up table zoom tracking methods to control the
zoom lens to enlarge or shrink the object image in order
to improve the moving object recognition to increase the
tracking performance [7]. The conventional look-up
table zoom tracking equipped with read only memory
(ROM) that stores trace data curves for various focal dis-
tances. Since the ROM cannot store trace data for many
distances due to limitations of its memory size, it makes
an active camera tracking a target difficulty. In 2002,
Lee, Ko, and Morales proposed the adaptive zoom track-
ing algorithm with significantly reduced system memory
[8]. Peddigari and Kehtarnavaz presented a zoom track-
ing approach called relational zoom tracking to estimate
a trace curve by using the relational curves [9]. Li and Jin
suggested a fast auto focusing method based on the im-
age absolute central moment, which can solve the con-
tradiction between the focusing accuracy and efficiency
[10]. Another auto-focus algorithm combing the discrete
difference equation prediction model and bisection search
method is presented in [11].
2. Fuzzy Controller Design
The lens controllers for auto focus, auto exposure
and zoom tracking are designed by utilizing the fuzzy
method. The image spectrums are used to build the input
membership functions for the focus control. The gray
level mean of the image and its standard deviation are
utilized as the input membership functions for the ex-
posure control. The object sizes, motion velocity, and
contour reliability are three sets to build the input
membership functions for zooming control. Then, use
Mamdain algorithm to build the fuzzy relation rules, the
Max-min composition for inference, and the weighted-
average defuzzification to determine the control signals.
2.1 Focus Control
In this study, FFT is used to compute the image
frequency components and judge the image sharpness
based on the frequency spectrum. In general, the in-focus
images have more high-frequency components than
blurred images. Normally, blurred images contain low-
frequency components mainly [5]. Because the burden
of computing 2D-FFT is relatively heavy, this paper
employs 1D-FFT to calculate the frequency components
of the middle-line pixels of the grabbed image. There-
fore the processing speed can increase remarkably.
The input and output variables of the focus fuzzy
controller are the frequency component and the motor
control voltage, respectively. The linguistic terms of the
input frequency component (fs)and the output motor
control voltage (Vf) are divided into seven labels as
shown in Table 1. The ranges of fs and Vf are [0~256] and
[8~+8], respectively.
The input membership functions with three lin-
guistic terms FF1 (low), FF2 (medium), and FF3 (high)
are constructed and shown in Table 2, in which the mem-
bership functions are the form of piecewise functions.
FF1 represents that the image is blurred because the
image frequency is located in low-frequency area. FF3
means that the image is very clear due to the high fre-
quency components.
The output membership functions with three lin-
guistic terms FL1 (decrease), FL2 (no change), and FL3
(increase) are constructed and shown in Table 3. FL1 and
FL3 are the situations for focus control motor to decrease
and increase the focal length, respectively. FL2 indicates
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-3 00  fs < 32 -8  Vf < -6
-2 32  fs < 64 -6  Vf < -4
-1 64  fs < 96 -4  Vf < -2
0 096  fs  160 -2  Vf  2-
+1 160 < fs  192 2 < Vf  4
+2 192 < fs  224 4 < Vf  6
+3 224 < fs  256 6 < Vf  8




-3 -2 -1 0 +1 +2 +3
FF1 (low) 1 0.8 0.6 0 0 0 0
FF2 (medium) 0 0 0.5 1 0.5 0 0
FF3 (high) 0 0 0 0 0.6 0.8 1
that an in-focus image has been obtained and the focal
length does not need to change.
The antecedents are image frequency spectrums and
the consequents are focus motor control voltage. Five
fuzzy rules to correlate the antecedents and the con-
sequents are listed in the form of IF…THEN… as the
follows:
RF1: IF fs is FF1 and fs is positive, THEN Vf is FL3.
RF2: IF fs is FF1 and fs is negative, THEN Vf is FL1.
RF3: IF fs is FF2 and fs is positive, THEN Vf is FL3.
RF4: IF fs is FF2 and fs is negative, THEN Vf is FL1.
RF5: IF fs is FF3 ,THEN Vf is FL2.
where fs is the difference of frequency components
sampled at two sequential time points. During the sys-
tem operation, each sampled frequency components is
first fuzzified to several linguistic terms with its cor-
responding membership degrees forming the fuzzy
set. Next, the Mamdani model is used to map the ante-
cedent fuzzy set of these five rules to the consequent
fuzzy set. The Mamdani inference model is expressed
as the follow: [12]
RmF = RF1  RF2  RF3  RF4  RF5 (1)
where RmF is the fuzzy relation of these five rules, and 
means OR logically. Then, use the Max-Min composi-
tion rule to determine the output inferences shown as
the follow:
RLFL = max{min{ (fs),  (RmF)}} (2)
where  (fs) is the membership degree of the input fre-
quency components,  (RmF) is the membership degree
of the fuzzy relation of the five rules. “min” and “max”
mean taking minimum and maximum respectively of
membership degree of fs and RmF. After getting the com-
position results, the weighted-average defuzzification
method is used to determine the focus motor control
voltage. The weighted-average defuzzification is ex-
pressed as follow.
(3)
where DF is the defuzzified output, RLFLi is the mem-
bership degree of the output of each rule, and RLi is the
weight associated with each rule. This method is com-
putationally faster and easier and gives fairly accurate
result.
2.2 Aperture Control
This paper uses the gray level mean and standard de-
viation to design the fuzzy controller for lens aperture
control. If the image gray level mean is relatively high, it
means over-exposure and the lens aperture must be re-
duced. On the contrary, a low mean of gray level needs a
smaller aperture than the original. The linguistic terms of
the inputs (mean and standard deviation) and the output
(control voltage of aperture motor) are divided into
seven labels as shown in Table 4. The constructed mean
membership functions Gi and standard deviation mem-
bership functions Ei for the aperture control are shown in
Table 5 and Table 6.
In Table 5, the linguistic term G1 means that the
image is extremely dark, G2 is very dark, G3 is dark, G4
is okay, G5 is bright, G6 is very bright, and G7 is ex-
tremely bright. In Table 6, E1 indicates an extremely low
standard deviation of the gray, E2 is too very low, E3 is
low, E4 is okay, E5 is high, E6 is very high, and E7 is ex-
tremely high. Table 7 is the output membership functions
for the aperture control, where IR1 means that aperture is
extremely small, IR2 for very small, IR3 for small, IR4 for
okay, IR5 for large, IR6 for very large, IR7 for extremely
large. Since the both input membership functions has
seven linguistic terms, there are forty nine (7  7 = 49)
fuzzy rules as shown in Table 8.
After the fuzzy rules for aperture control have been
constructed, Mamdani operation law is used to get the in-
ferences. The Max-Min composition method is then em-
ployed to determine the output inferences. After getting
the composition results, the weighted-average defuz-
zification is adopted to determine the aperture control
signal. Finally, the defuzzification output is transferred
to a control voltage for the aperture motor.
2.3 Zoom Control
For lens zoom control, the object size, moving ve-
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-3 -2 -1 0 +1 +2 +3
FL1 (decrease) 1 0.8 0.6 0 0 0 0
FL2 (no change) 0 0 0.5 1 0.5 0 0
FL3 (increase) 0 0 0 0 0.6 0.8 1
locity, and its contour reliability are determined from the
image processing program. The linguistic terms of the
inputs (object size, velocity, and reliability) are divided
into seven labels as shown in Table 9. These three vari-
ables are then fuzzified based on Tables 1012. In these
tables, Ai, Bj and Ck are the linguistic terms of the input
membership functions of object size, moving velocity,
and its contour reliability respectively.
Table 13 is the output membership functions of
zoom control, where Y1 means the lens is extremely wide
angle, Y2 is very wide, Y3 is wide, Y4 is okay, Y5 is tele an-
gle, Y6 is very tele angle, and Y7 is extremely tele angle.
Table 14 is the fuzzy rule table for lens zoom control.
The inferences, composition, and defuzzification proce-
dures for lens zoom control is the same as the procedures
of aperture control.
3. Experimental Results
The equipment of lens control system for experi-
ments is shown in Figure 1. A camera lens equipped
with three motors for focus, aperture, and zoom con-
trol is connected to an image grabbed card so that the
image from the camera can be processed on a PC. The
camera takes 30 image frames per second. Image pro-
cessing programs and the proposed fuzzy controllers
are implemented on the PC. Image processing gives
image frequency components, mean of gray level, stan-
dard deviation, object size, velocity, and contour reli-
ability for building membership functions. The PCL-
726 D/A card is used to output the control signals from
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Table 4. Linguistic labels for input and output variables of aperture controller
Labels Gray level means: ng Standard deviation of the gray level: n Control voltage of aperture motor: VIR
-3 000  ng < 64 00  n < 16 -8  VIR < -6
-2 064  ng < 96 16  n < 32 -6  VIR < -4
-1 096  ng < 112 32  n < 48 -4  VIR < -2
0 112  ng  144 48  n  80 --2  VIR  2
+1 144 < ng  160 80 < n  96 2 < VIR  4
+2 160 < ng  192 096 < n  112 4 < VIR  6
+3 192 < ng  255 112 < n  128 6 < VIR  8




-3 -2 -1 0 +1 +2 +3
G1 (ED) 1 0.8 0.6 0 0 0 0
G2 (VD) 0.7 1 0.7 0 0 0 0
G3 (D) 0 0.6 1 0.6 0 0 0
G4 (OK) 0 0 0.5 1 0.5 0 0
G5 (B) 0 0 0 0.6 1 0.6 0
G6 (VB) 0 0 0 0 0.7 1 0.7
G7 (EB) 0 0 0 0 0.6 0.8 1
Table 6. Input membership functions of the standard
deviation of the gray level
Labels
Linguistic terms
-3 -2 -1 0 +1 +2 +3
E1 (EL) 1 0.8 0.6 0 0 0 0
E2 (VL) 0.7 1 0.7 0 0 0 0
E3 (L) 0 0.6 1 0.6 0 0 0
E4 (OK) 0 0 0.5 1 0.5 0 0
E5 (H) 0 0 0 0.6 1 0.6 0
E6 (VH) 0 0 0 0 0.7 1 0.7
E7 (EH) 0 0 0 0 0.6 0.8 1




3 2 1 0 +1 +2 +3
IR1 (ES) 1 0.8 0.5 0 0 0 0
IR2 (VS) 0.7 1 0.7 0 0 0 0
IR3 (S) 0 0.6 1 0.6 0 0 0
IR4 (OK) 0 0 0.5 1 0.5 0 0
IR5 (S) 0 0 0 0.6 1 0.6 0
IR6 (VS) 0 0 0 0 0.7 1 0.7
IR7 (ES) 0 0 0 0 0.5 0.8 1
Table 8. The fuzzy rule table for the aperture control
Ei levels
Gi levels
E1 E2 E3 E4 E5 E6 E7
G1 IR7 IR6 IR6 IR6 IR6 IR5 IR4
G2 IR6 IR6 IR5 IR5 IR5 IR4 IR3
G3 IR6 IR5 IR5 IR4 IR4 IR3 IR3
G4 IR6 IR5 IR4 IR4 IR4 IR3 IR2
G5 IR5 IR5 IR4 IR4 IR3 IR3 IR2
G6 IR5 IR4 IR3 IR3 IR3 IR2 IR2
G7 IR4 IR3 IR2 IR2 IR2 IR2 IR1
fuzzy controllers. The experimental results of auto fo-
cus, auto exposure, and zoom tracking are illustrated
in the following.
3.1 Auto Focus Test
Figure 2(a) is a blurred image with over-long focal
length for the purpose of auto focus test. When the focus
controller turns on, a sharp and clear image can be ob-
tained in 20 ms shown in Figure 2(b). The control
voltage of auto focus is shown in Figure 3 where in the
beginning the focus control voltage is -4 volts in order to
reduce the focal length. With increasing the image sharp-
ness, the focus control voltage increases to -2 volts and
zero volt in the next. Finally, a in-focus image is ob-
tained. The total response time is 1437 ms.
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Table 9. Linguistic labels for input variables of zoom controller
Labels Object size: AN Object velocity: BN Object reliability: CN
-3 00  AN < 30 0.0  BN < 0.1 0.0  CN < 0.1
-2 30  AN < 60 0.1  BN < 0.2 0.1  CN < 0.2
-1 60  AN < 80 0.2  BN < 0.4 0.2  CN < 0.4
0 080  AN  160 0.4  BN  0.6 0.4  CN  0.6
+1 160 < AN  180 0.6 < BN  0.8 0.6 < CN  0.8
+2 180 < AN  210 0.8 < BN  0.9 0.8 < CN  0.9
+3 210 < AN  800 0.9 < BN  1 0.9 < CN  1
Table 10. The input membership functions of object size
Labels
Linguistic terms
-3 -2 -1 0 +1 +2 +3
A1 (Small) 1 0.9 0.7 0 0 0 0
A2 (Medium) 0 0 0.6 1 0.6 0 0
A3 (Large) 0 0 0 0 0.7 0.9 1




-3 -2 -1 0 +1 +2 +3
B1 (Slow) 1 0.8 0.5 0 0 0 0
B2 (Medium) 0 0 0.6 1 0.6 0 0
B3 (Fast) 0 0 0 0 0.5 0.8 1




-3 -2 -1 0 +1 +2 +3
C1 (Bad) 1 0.9 0.6 0.5 0.2 0 0
C2 (Good) 0 0 0.2 0.5 0.6 0.9 1




-3 -2 -1 0 +1 +2 +3
Y1 (EW) 1 0.8 0.5 0 0 0 0
Y2 (VW) 0.7 1 0.7 0 0 0 0
Y3 (W) 0 0.6 1 0.6 0 0 0
Y4 (OK) 0 0 0.5 1 0.5 0 0
Y5 (T) 0 0 0 0.6 1 0.6 0
Y6 (VT) 0 0 0 0 0.7 1 0.7
Y7 (ET) 0 0 0 0 0.5 0.8 1




A1 Y3 Y2 Y1
A2 Y5 Y4 Y3
C1
A3 Y5 Y6 Y7
A1 Y3 Y2 Y1
A2 Y3 Y4 Y5
C2
A3 Y5 Y6 Y7
Figure 1. The experiment setup.
3.2 Auto Aperture Test
From the experience, a correct exposure image
should has the gray level mean between the interval
112~114, the standard deviation between the interval
48~80, and 430 Lux room lighting. To test the auto aper-
ture fuzzy controller, the room lighting is suddenly
dimmed to only 235 Lux so the gray level mean reduces
to only 78.5, and the standard deviation is down to 28.3.
This dimming produces a dark image shown in Figure
4(a) and its histogram of the gray level is shown in Fig-
ure 4(b). After the auto exposure control, a correctly ex-
posed image is obtained and shown in Figure 5 with its
histogram of gray level where the gray level mean is
improved to 118.2 from 78.5 and the standard deviation
is increased to 51.4 from 28.3. The aperture control vol-
tage is shown in Figure 6. At the section d of Figure 6,
the control voltage is -3.6 volts for increasing the aper-
ture. At section e, the control voltage becomes +3.2 volts
for decreasing the aperture. After obtaining the correct
exposure, the control voltage will stay zero volt for a cor-
rect exposure. The total response time for the auto expo-
sure is 5441 ms. Actually, driving the aperture motor
takes most of response time.
3.3 Zoom Control Test
To test zoom control, the camera attempts to capture
a toy train continuously running along a circle rail road.
The lens is initially shifted to wide-angle zoom and the
obtained train image is 36 pixels. Since the train in the
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Figure 4. The dark image and it’s histogram of image gray level.
Figure 2. Images before/after auto focus control.
Figure 3. The control voltage of auto focusing.
image is small, the lens is shifted to tele-angle zoom
leading to an enlarged train with 126 pixels. The zoom
control voltage is shown in Figure 8. Because the train
goes far away and closed to the camera repetitively, the
zoom control voltage varies repeatedly. The voltage
variation between -9.6 and +9.6 volts means that the lens
is searching for the appropriate zoom angle. Once the
appropriate zoom angle is found, the control voltage
maintains at zero volt.
The experimental results show that the response time
is not ideal for practical application. One reason to cause
the long response time is that image processing takes
much time. The other one is the motor speed for lens
control is slow. The zoom control motor used in this
study takes at least 3 seconds to shift the lens form the
most tele angle to the widest angle. This problem can be
improved by utilizing advanced motors to realize high-
speed driving.
4. Conclusion
By using FFT to compute the image frequency com-
ponents, a fuzzy controller for auto focus is designed and
implemented on a PC. The gray level mean of grabbed im-
ages and its standard deviation are utilized as the input of
another fuzzy controller for the auto exposure. Object
size, velocity, and profile reliability are calculated as the
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Figure 5. The correct exposure image and it’s histogram of image gray level.
Figure 7. Wide- and tele-angle images.
Figure 6. The control voltage for auto exposure.
input of the fuzzy controller of zoom tracking. The experi-
mental results show that the proposed fuzzy controllers
are feasible and able to control lens fully. In spite of long
response time in the experiments, the proposed fuzzy
controllers could get better performance with increasing
motor power and the optimal image processing program.
5. Appendix
To determine the object size and its profile in the im-
age processing stage, an appropriate threshold gray va-
lue to distinguish the object profile and background
noise is essential. The method to obtain the threshold
value is presented below. Assume the spectrum of an
image can be divided into dark area and light area. The
values of 1 and 2 are the mean of the dark and light
areas respectively; 1 and 2 are their standard devia-
tion values. P1 and P2 are their gray value probabilities.
If P1 + P2 = 1 and 
2 = 1
2 = 2
2, then the threshold value
is obtained as follows:
(4)
The threshold value is very important. An appro-
priate threshold not only deletes the noise but also gets
clear binary image to make the following image process
easy and reduce the processing time.
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Figure 8. Zoom control voltage.
